INTRODUCTION
The DOWtility Nuclear Power Engineering Education Matching Grant Program has been established to support the education of students in Nuclear Engineering Programs to maintain a knowledgeable workforce in the United States in order to keep nuclear power as a viable component in a mix of energy sources for the country. The involvement of the utility industry ensures that this grant program satisfies the needs and requirements of local nuclear energy producers and at the same time establishes a strong linkage between education and day-to-day nuclear power generation.
As of 1997, seventeen pairs of university-utility partners existed. UMCP was never a member of that group of universities, but applied for the first time with a proposal to Baltimore Gas and Electric Company in January 1999 [ 11. This proposal was generously granted by BG&E [2, 3] in the form of a gift in the amount of $25,000 fkom BG&E's Corporate Contribution Program. Upon the arrival of a newly appointed Director of Administration in the Department of Materials and Nuclear Engineering, the BG&E check was deposited into the University's Maryland Foundation Fund.
The receipt of the letter and the check enabled UMCP to apply for DOE'S matching funds in the same amount by a proposal [4] .
The Graduate School of UMCP, together with UMCP's Office of Research Administration and Advancement, had granted the request of waiving the overhead on DOE'S matching funds for FY2000 in order to make optimal usage of the finds for educational purposes.
The cognizant project dkector was notified by the University's Office of Research Administration and Advancement ( O W ) by e-mail on September 28, 1999 about the arrival of DOE's matching hnds in the amount of $25,000. In waiting for DOE's matching finds contribution, no major expenditures were incurred for the BG&E gift contribution, with the exception as noted below.
Supported Activities

Educational Support
As the major focus of the DOE-Utility Nuclear Power Engineering Education Matching Grant Program is the support of educational purposes, three undergraduate students were chosen to receive fehowships starting with the Spring term, paying their tuition (out-ofstate: one semestei; in-state: two semesters) and textbook expenditures. The students selected are:
Their CVs are attached as Appendix A to this report. All three students have shown excellent commitment and dedication to nuclear engineering and constitute a wonderfbl spectrum of diversity -hlly in line with the industry's and DOE'S intention. Two of the students, Tamara Powell and Lisa Pollock have also applied for internships at Calvert Cliffs Nuclear Power Plant for this summer. Mr. Mathew Kattic of CCNPP's staff will follow up on these applications.
In addition, one graduate student, Marc Garland, has been chosen to receive a supplemental scholarship. His CV is also attached in Appendix A. Marc coordinated an Eagle Alliance congressional briefing on nuclear medicine in the Capitol on October 27, 1999. It dealt with the subject of nuclear medicine, presenting an overview of the discipline, prospects for future development, and impediments to that fhture development.
Given the success of that briefing and the need for support for fhture briefings, Marc has formed a University of Maryland chapter of the Eagle Alliance, an organization dedicated to reinvigorating nuclear science and technology. Our chapter will be responsible for coordinating the federal affairs of the organization. In particular, we will proceed with a series of congressional briefings that provide critical information to members of Congress and their staffs concerning issues vitally important to the fhture of nuclear science and technology.
A second briefing will be held in May to discuss the role of nuclear power in the United States' energy production strategy. Particular emphasis will be placed on the environmental aspects of nuclear power with respect to reduction of greenhouse gases, noxious gases, and particulates in accordance with the Kyoto Protocol and other environmental protection accords. The keynote speaker will be Denis'Beller of the Los Alamos National Laboratory who was co-author of the article "The Need for Nuclear Power" in the JanuaryFebruary 2000 issue of Foreign Again. Also speaking will be Senator Pete Domenici (R-NM), a strong supporter of nuclear science and technology and Chairman of the Senate Appropriation's subcommittee on Energy and Water Development. Support for this briefing will also be provided by an alumnus of the Nuclear Engineering Program at the University of Maryland, Dr. Joseph Green, who is currently serving the first American Nuclear Society Glenn T. Seaborg Congressional Science and Engineering Fellowship in the office of Representative Joe Knollenberg (R-MI), a majority member of the House Appropriations Committee's subcommittee on Energy and Water Development [5 3. These subcommittees handle oversight and appropriations for the U.S. Nuclear Regulatory Commission and the Department of Energy.
Future sessions will cover the actions necessary to re-establish nuclear power plant manufacturing in the United States, disposal of high-and low-level wastes and the transportation of nuclear materials.
We believe that Marc Garland's mission and service for the nuclear power and engineering community is extremely helpful, warranted and important as he represents I the young generation of the future which is welcome on the Hill. As such, that activity is klly in line with the industry's and DOE'S intentions.
It is worth mentioning that all four students are American citizens.
All four students will be honored at an official large banquet by the UMCP Alumni Association in April. They will be called upon the stage with regards to the BG&E/DOE Nuclear Power Engineering Education Matching Grant Program.
Research Support
With the DOE matching fbnd contribution focused only upon educational aspects, because of the mandatory requirements by the University's waiver on overhead, a fiaction of the BG&E gift has been earmarked for expenditures related to BG&E's areas of interest.
The expenditures thus far encompassed the following:
Order of reports from NTIS, Springfield, in support of John Singleton's master thesis topic. John is a staff member at BG&E's Calvert Cliffs Nuclear Power Plant. The reports cover steamline break analyses for Calvert Cliffs with different codes and were actually ordered on the one hand to shed some light on the corrupted mystery input deck for a RELAPS analysis for CCNPP obtained fiom BG&E without any fbrther information. In addition, they were ordered to replenish CCNPP's library as they cover aspects important to PTS analysis.
Expenditures for that purpose were incurred primarily during the summer of 1999 when John Singleton started his MS thesis activities.
Three non-disclosure agreements with U.S. NRC to have fill access to the latest versions of RELAPS Mod 3.2.2, SNAP and XMGRS to the students of the Nuclear Engineering Program and thus John Singleton. These agreements provided a special arrangement for John as being on the BG&E staff and at the same time a student at UMCP.
John received training for the SNAP application at U.S. NRC.
He modeled and simulated a few pressurizer sample cases and is currently developing asteam-generator input model of CCNPP for RELAPS as well as using the latdst SNAP version to develop a RELAPS model from TRAC-B model input for t v h selected THTF boil-off experiments [6] and to compare the RELAPS cohputational results with those obtained from TRAC-B and TRAC-M
[6]. The three topics: pressurizer, steam generator and THTF boil-off experiments encompass sufficient efforts to have John completing his MS thesis.
The only Postscript printer in the department's computer laboratory, connected to the DEC Alpha station of the Nuclear Engineering Program failed. Cost-sharing with the department incurred an expense of about $800 for the BG&E gift find but provided a new HP printer. This printer was especially needed for John who has to operate RELAP5 at the DEC Alpha, rather than on his home computer.
f )
A state-of-the-art report on worldwide progress in the area of pressurized thermal shock (PTS) was initiated and is about halfway complete, However, the highlights of mixing and flow analyses have not yet been incorporated as NRC did not finish the REMIX and FAVOR codes, thus far.
Nuclear Engineering Program Support
The reprinting of brochures covering Nuclear Engineering at UMCP will be paid ($300) as no hnds were available from the Department. These brochures will be given to about 100 high school students visiting the Nuclear Engineering Program's Radiation Facilities and Laboratories.
Other Highlights
Additional milestones reached over the reporting period were:
1)
Successfhl ABET 2000 Review of the undergraduate curriculum of the Nuclear Engineering Program without any deficiencies. The official renewal of ABET accreditation is expected this summer.
2)
The newly revamped graduate curriculum is being gradually phased in.
3)
A number of new undergraduates have chosen to join Nuclear Engineering starting this Fall.
4)
Dr. Gavrilas very successfilly finished the advanced OECD/CSNI International Standard Problem on boric acid mixing simulation code verification.
Jason Floyd, a doctoral student of the Nuclear Engineering Program, made the renowned A-list of the National Research Council's Associateship Program with his fire research in nuclear power plant containments. He is the only applicant who made the A-list for the whole NIST organization in Gaithersburg. This is very surprising given the heavy competition. Therapeutic Medical Isotopes" attended by some of the most prominent physicians in the field of nuclear medicine and a symposium for the physicians and the general public, "Accelerating Nuclear Medicine Techniques and Treatments," both of which were successfully conducted in September 1997.
As President, I transformed the NMRC fiom 811 information sharing organization to a group that actively promotes the development of nuclear medicine. To do this, I organized three committees: an Outreach
Committee to produce informational materials (brochures and pamphlets), develop material for our internet home page, and coordinate letter writing campaigns; a Finance Committee to write grant proposals for nuclear medicine Feesearch and applications in the Tri-Cities and to raise money for other NMRC activities; and an Advisory Group Committee to form an advocacy group ofnationally recognized experts in nuclear medicine that would infonn the public, Congress, and other governmental agencies of the importance of radioisotopes in medicine and the capabilities of FFTF in supplying medical isotopes.
AMERICAN NUCLEAR SOCIETY
I am a member ofthe national society and the Washington, DC, Eastern Washington, and University of Maryland sections. I was an active member ofthe Eastern Washhgton ANS chapter's Public Infirmation
Committee which disseminates nuclear issue-related information to the general public.
EAGLE AUIANCE
I am currently c w r d i i h g a Congressional briefing on nuclear medicine to be held In the Capitol on October 27,19#9. The briefing Will be conducted by the President-Elect and a Past-President of the Society of Nudear Medicine and a Past-President of the American Nuclear Society. 
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS
UNDERGRADUATE STUDENT CURRICULUM IN NUCLEAR ENGINEERING
Mission Statement
The mission of the undergraduate Nuclear Engineering Program of the Department of Materials and nuclear engineering at the University of Maryland is to provide a quality engineering education that has sufficient breadth to include training in both findamental and specialized engineering topics in order that the graduates meet the current and fiture needs to society. Additionally, the mission of the Department is to conduct a range of research programs, establish partnerships with government organizations and private industry, both in Maryland and elsewhere, and to provide service to the overall campus community.
Nuclear and radiation engineering combines fhdamental science with the most advanced technologies available today. The educational goals of the program are to provide an undergraduate curriculum which equips the graduate with the necessary skills to meet the challenges of the fiture. The degree provides students with the following essential elements: a f i r m grasp of the fbndamentals of science and engineering, ample exposure to a wide range of applications, and an understanding of contemporary issues and the need for lifelong learning.
1.
2.
3.
4.
5.
6.
-
The undergraduate Nuclear Engineering degree program provides the student with a strong engineering education that has a solid emphasis on the application of nuclear and radiation engineering to a wide variety of engineering fields. An important component of the overall degree program is the requirement that the student select a secondary engineering field, which consists of a minimum of four upper level (junior/senior) courses in another engineering discipline taught in the Clark School of Engineering.
The overall educational objectives of the Nuclear Engineering program are to provide undergraduate engineering students with: a quality education which will produce graduates who are highly skilled in engineering and who have the tools to continue learning throughout their careers. an understanding of the findamentals of nuclear and atomic physics and engineering sciences an understanding of the findamentals of radiation transport and interactions the capabilities to apply these knowledge in the following areas: a. radiation engineering b. reactor physics and neutronics c. nuclear system thermalhydraulics and safety an enhancement of nuclear and radiation engineering topics by appropriate selection of secondary engineering field courses the skills to design applications for technologies utilizing nuclear and radiation systems for a specific end use 7. the skills to work as a nuclear zind radiation engineering specialist in a professional setting 8. the necessary skills to pursue a graduate engineering degree at the top programs in the country 1.
2.
3.
4.
5.
7.
The Nuclear Engineering curriculum enables the student to meet these program educational goals by providing: a solid foundation in mathematics, physics, chemistry, and basic engineering sciences an integrated program of required nuclear engineering courses that cover both findamental and applied topics a choice of the secondary engineering field, which provides the students w i t h in-depth knowledge in a second engineering discipline which couples with nuclear and radiation technologies a choice of additional technical and engineering electives to hrther enhance the areas of interest of the individual student opportunities for students to work w i t h faculty and industry on complex engineering problems through projects, internships, jobs, and co-operative experiences a senior design project which brings together the many aspects of nuclear end radiation engineering in a global context that prepares the student to fiction as a practicing engineer
Mandatory semester advising and planning of individually tailored educational and career goals for the student
Constituencies and EvaluatiotYReview of Educational Objectives
The significant constituencies of the Nuclear Engineering Program are the students, faculty, Clark School of Engineering, University, and industry (private and government).
On-going methods that are used to evaluate the educational objectives include:
1. a biannual presentation to the Department Board of Visitors, which includes both nuclear and radiation professionals as well as materials professionals 2. graduate exit surveys and alumni surveys administered by the School of Engineering 3. graduate exit interviews administered by the Department 4. internships and summer jobs opportunities 5. teaching and course content evaluations 6. mandatory advising for all students each semester 7. ongoing program review by faculty.
Program Outcomes
The Nuclear Engineering Program has established the following Program Outcomes based on the Program Educational Objectives. The Nuclear Engineering Program requires graduates to demonstrate that they have the ability to:
1.
2.
3.
4. 5. 6. 7.
8.
1
apply the findamental and applied principles of mathematics, physics, chemistry engineering sciences, and nuclear and radiation engineering to solve problems of interest to industry and society design and conduct experiments which measure radiation processes, apply appropriate mathematical models to analyze the data, interpret the data, and present results as a technical paper andor oral presentation apply design processes to a system or process to solve a specific design problem in nuclear and radiation engineering fbnction on teams understand contemporary issues and how engineering impacts society speak and write effectively obtain entry level engineering position in hidher area of interest, and/or continue on to graduate education have the necessary abilities to engage in learning throughout their professional careers
Curriculum
The curriculum of the Nuclear Engineering Program is designed to provide the student w i t h course work that meets the overall Program Educational Objectives. A student who graduates from the program is, therefore, prepared to enter the professional work force as a practicing engineer.
f The Professional Component of the curriculum consists of three major segments: (1) basic mathematics and sciences; (2) engineering topics; and (3) general education. Each of these is desmied in detail below. The undergraduate semester by semester cumcdum is shown in Table 1 .
Mathematics and Sciences
The basic science and mathematics courses are required for all students in the Clark School of Engineering, and provide a solid basis for the subsequent engineering courses that the students take. All of these fbndamental courses are taken during the first two years of the student's curriculum. 
Engineering Topics
The engineering topics contained in the nuclear engineering curriculum can be separated into a number of different areas:
1.
Basic Engineering Sciences
Students are required to take four 'engineering science' courses. Engineering elective course taken in the junior/ senior year. Additionally, the student takes a course in engineering thermodynamics (such as mechanical engineering ENME 232 or chemical engineering ENCH 300).
The basic engineering science courses are taken in the student's first two years.
2.
Nuclear Engineering Courses Required Courses
The curriculum includes 27 credits of required nuclear engineering courses -eight three credit courses and three one credit laboratory courses. All students are required to take the three-semester sequence of laboratory courses, ENNU 441,442, and 443. As noted, the previous three-credit laboratory course in the curriculum, E " U 440, was replaced with the three one-credit courses to allow a closer relationship between experiments and other course work. In these courses, the student learns about various techniques for radiation detection and measurement. The initial experiments focus on operations of standard nuclear electronics, various radiation detectors, such as GM tubes, scintillators, and solid state detectors, and introduce the concepts of the statistical nature of radioactive decay. Other radiation measurement experiments include measurement of isotope half-life, characteristics of shielding materials, gamma spectroscopy and identification of unknown isotopes, and subcritical multiplication and approach to critical (using the Maryland University Training Reactor). The students also use the Linac for experiments on dose deposition and the Co-60 source to examine energy tapping in crystalline materials.
All experiments require the student to write technical reports, in which hdshe presents an analysis of the experiment, including theory, procedure, and results and analysis. Students utilize computer application software, mainly word processing and spreadsheet, for preparation of these reports. In addition to the written report, it is typical that students make an oral presentation of results for one experiment.
An important aspect of the laboratory courses is that the student has the opportunity to design a significant part of the particular experiment. The student is provided w i t h a brief overview of the experiment to be performed, and then it is hidher responsibility to develop a procedure, decide what data is to be obtained, and decide on the analysis methods required to meet the experimental objectives.
The laboratory coursefs also enhance the team building aspects of the curriculum. Students work in gro-ups of, typically, two or three (depending on the availability of equipment) on each experiment.
The student's curriculum culminates in the capstone design course, ENNU 495 -Design in Nuclear Engineering. This course is the student's major design experience and is based on the knowledge and skills that he or she has obtained in previous coursework.
The students work as a team (typically only one team, due to the small number of students) on an open-ended design project. Engineering concepts have been emphasized in the overall design project and, as much as feasible, other concerns, such as safety, environmental, and ethics/soci&political are brought into the final design. The nature of the design problem, coupled ~t h the number of students involved, limits the extent to which topics other than engineering can be brought into the project. In hture years, however, somewhat technically simpler projects will be selected, which will allow more of the 'non-technical' issues to be addressed.
Elective Courses
Currently, two elective ENNU courses are taught on a regular basis. The first is ENNU 320 -Nuclear Reactor Operations. In this course, the student gains extensive hands-on experience with the operations of the Maryland University Training Reactor. The student learns about applicable federal regulations for licensed operations of this facility. Students write reports of experimental results. Additionally, this course enhances teamwork, as groups of approximately five to eight work on each experiment.
The second elective is ENNU 468E -Radiation Engineering. The course has been presented for two years, and we will submit the paperwork to obtain a permanent course number in the near future. Also, as mentioned previously, this course will be a required course in an upcoming curriculum revision.
The radiation engineering course provides the student with in-depth knowledge on uses of ionizing and non-ionizing radiation. Specifically, students are introduced to source technologies, absorbed dose measurements, interactions of electrons, photons, and neutrons in matter, and the design of radiation processing facilities.
Secondary Field Courses
Nuclear engineering students are required to select a secondary engineering field, which is a sequence of four upper level (junior/senior) courses in any other engineering discipline in the Clark School of Engineering. This secondary field choice allows the student significant flexibility in choosing his or her envisioned career path with the nuclear engineering degree. In the past, mechanical engineering was typically the most popular choice, with the student taking courses in the thermal sciences (advanced thermodynamics, fluid mechanics, power plant design, etc.). However, with the growth of non-power applications of nuclear and radiation technologies, fields such as materials engineering or chemical engineering are becoming the preferred secondary field.
The sequence of secpfndary field courses is discussed with and approved by the student's academic advisor, asivell as the advisor in the secondary field. The secondary engineering field coubes are required to contain both engineering sciences and engineering design, with the design component typically emphasized in the senior level courses. Three engineering/ technical electives are also required as part of the student's academic program. One of these electives must be a Materials Engineering course, ENMA 4xx.
The student is advised not to take ENMA 464 -Environmental Effects on Engineering Materials but, if that course is not offered during the semester that the student wishes to take the ENMA elective, another ENMA course can be substituted, w i t h the approval of the academic advisor.
If a student has chosen Materials Engineering as his secondary field, then an engineering elective, EN% is substituted.
The other two electives can be either engineering courses or sciencdmathematics courses, depending on the student's overall curriculum plans. One or both of these courses can be in the student's primary or secondary field.
General Education
The general education requirements of the student's curriculum are satisfied w i t h the University's CORE program. The CORE program builds a skill and knowledge base throughout the student's undergraduate career, and includes about 1/3 of the total academic work required for graduation.
The CORE program has four major components. Fundamental Studies courses build student competence and confidence in basic writing and mathematics (the mathematics requirements are filfilled with the required MATH courses in the curriculum). Students begin taking the Fundamental Studies courses, such as ENGL 101, in their first year.
The Distributed Studies courses allow the student to choose courses in broad areas in many disciplines. Students take courses in fields such as humanities, arts, history, and social sciences. These courses are typically taken during the first two years.
Advanced Studies courses provide the student w i t h the opportunity to enhance his or her critical thinking skills, as well as his or her writing skills. Ail nuclear engineering students are required to take ENGL 393 -Technical Writing, as one of the Advanced Studies courses.
The final CORE component in Human Cultural Diversity, which encourages the student to learn about attitudes and cultures different fiom his or her own. Students can complete this requirement at any time in their curricuIum, although it is typically done in the senior When planning the CdRE courses, the student must also show depth as we11 as breadth. This is accomplished by selecting a sequence of at least two courses (one lower level and one upper level) in one area of social sciences or humanities. The sequence could be two courses from the same department, or courses that are related by a common theme. Therefore, the student gains more than an introductory level of knowledge in his or her chosen theme area.
Graduafe Sfudent Curriculum in Nuclear Engineering
The graduate student curriculutn in Nuclear Engineering has been accepted by the university's Program and Curriculum Committee (PCC) and is currently being phased in. It is structured in order to:
1. Strongly focus in the fbndamental areas 2. Allowing students to enter with a broad range of different undergraduate degree programs, including all engineering disciplines, physics and chemistry 3. Building on the strength of the current faculty by defining three tracks of specialization:
-Nuclear Systems -Radiation Engineering -Safety and Reliability A complete, self-contained description of this curriculum, including lists of contents for most of the courses, is attached.
Professional Master of Engineering
This program, which offers the Master of Engineering degree for the practicing engineer, has been developed by the engineering faculty of the A. James Clark School of Engineering at the University of Maryland College Park. It is an applications oriented, methods focused, part-time graduate program designed to assist engineers to the development of their professional careers and to provide the technical expertise needed in the business, government, and industrial environments. Late afternoon and evening classes are taught by the College Park faculty and experienced adjunct faculty at the College Park campus and designated learning centers in Maryland.
The Master of Engineering degree requires 30 credits of course work as opposed to the Master of Science degree that requires 24 credits of course work plus six credits of thesis (thesis option), or 30 credits of course work, a written comprehension examination, plus a scholarly paper (non-thesis option).
The professional Master of Engineering
Program is open to qualified applicants holding a regionally accredited baccalaureate degree in engineering or a related field. In addition to submitting a Graduate School admission application, a copy of the applicant's college transcripts and,: three letters of recommendation are required for evaluation.
Applicants with an undergraduate GPA of less than 3.0 may be admitted on a provisional basis ifthey have dexqonstrated a satisfactory experience in another graduate program and/or their work experience has been salutary.
The student chooses an area of concentration offered by an engineering department and completes 30-credit hours of approved course work with an average grade of B. The course work, which allows up to 12 credits at the 400-level, must be approved by the department's program faculty representative. 
Professional Courses
In order to provide government agencies and industries with focused continued education a set of professional courses in the area of radiation science and engineering have been developed covering different topics and time fiames to comply with whatever needs exist.
Role of Research in Curricula
Research offers a challenge to the students to investigate and develop methods to: Experience in project integration offers students the opportunity to develop important workplace skills. The student team will experience issues which are common to the project as a whole and will establish communication channels and recommend problem solving techniques. The !&dents Will become aware of common issues through their own initiative, task updates and status reports. They will then lead development of solutions which certainly includes application of current communication technology.
Students' participations in meetings dso establish a f i r m foundation for their professionat networking skills with industry as a key basis for enhancing fiture competitiveness.
Faculty
The Nuclear Engineering faculty is small in size but well rounded in experience to meet 
Rationale for the Center
The Center for Technology Risk Studies provides a valuable resource of knowledgeable personnel that can provide: objective evaluations of risk assessment techniques, objective recommendations of approaches to meet risk assessment needs, and can develop new approaches or techniques to meet newly evolving needs in the risk assessment arena. Decisions must constantly be made by industry and governments, regarding the development and deployment of new technologies, and the management andor disposal of the waste products fiom older technologies. Standardized methods and concentrated expertise are required to help make these decisions.
Federal and state governments are mandating that risk assessment tools be used more effectively in the establishment of new regulations so as to achieve a substantial degree of consistency. States which are relatively unsophisticated in the use of risk assessment methods, will surely have a need for assistance in applying such methods to a variety of situations, with some assurance that the decisions they make will be relatively consistent from one issue to another (with respect to risk) and fiom one state to another.
Federal and State regulators and consumers raise issues about technology w i t h respect to I i * cost, overall societal benefits, and societal risks that might be imposed as a result of -improper application, failure, or even normal use of the technology. Thus there exists constant pressure to improve the tools used in risk assessment and to make the results more consistent and acceptable to all parties affected or potentially affected by the risks.
This Center has been established to meet these needs.
rg anization
The organization of the CTRS is shown schematically in Figure 1 "Structure of the CTRS". The Co-directors of the CTRS, Professors Mohammed Modarres and Ali Mosleh, provide leadership for more than 20 faculty and research associates in the AJ. Clark School of Engineering, College of Business, and the Institute for Systems Research. These faculties are either active members or affiliates of the Center; they are listed in Table 1 .
The activities of the CTRS are organized into three broad areas, each with several components, as follows: 
Facilities
The Center has two dedicated computing facilities equipped with 5 Sun and DEC ALPHA workstations and 15 top of the line PCs with a dedicated server. In addition, the computer laboratory of the Materials and Nuclear Engineering Department with 7 workstations is also available and used by the Center's students and researchers for their research and development activities.
Other laboratories for the study of physics of failure in electronics and optical components and devices are also available. The Fire Protection Department faculty who are also members of the Center maintain laboratories for fire hazard experiments. Finally, the thermal-hydraulics group operates the NRC-funded LOOP facility and maintains RELAP, CONTAIN, and several other advanced analysis codes.
.
Sponsors
The CTRS has had the privilege to work with, either currently or in the recent past, the following sponsors: 
Accomplishments
Since its formation, the CTRS has made significant contributions to the state-of-the-art of risk assessment. In doing so, it has provided valuable assistance to its sponsors. 
Recent Activities
Recent research activities at the CTRS include the following:
Process Systems
. TH-PRA Integrated Analysis for AP600 
. Electron Test Facility
The LINAC can produce micro-second pulses with peak currents up to 5 0 0 a w i t h electron energies up to 9MeV. It can be operated in a single pulse mode or it can deliver a continuous train of pulses up to 360 Hz. Pulse radiolysis equipment is also available for optical measurements of radiation induced transient species which absorb in the wave-length region between 2 15 and 800nm. Radiation induced conductivity can be measured in single pulse or continuous mode. It can also be used in experiments to determine dose distributions in complex absorbers as well as long term effects on the electrical properties of semiconductor devices of the mechanical properties of plastics.
Maryland University Training Reactor
The University's neutron test facility is licensed to operate at 250 kW. The modified "RIGA reactor, consists of 93,20% enriched, uranium he1 rods in rectangular array. Samples can be exposed to neutron and mixed fields at a number of experimental ports and positions. Small samples, up to 0.7" (1.9 cm) diameter and 2" (5 cm) long, can be placed into a 6" (15 em) diameter tube that runs across the face of the core. Beam ports on both the east and west sides of the facility provide a way of transporting neutrons out of the shield for experimental applications.
Gamma Test Facility
The Gamma Test Facility consists of a 10,000 curie cobalt-60 source. The source consists of tem source pencil rods (0.5'' (1 27 cm) diameter and 12" (30.5 cm) long) in the form of a hollow cylinder with a 4.5" (1 1.4 em) pitch. The source is stored at the bottom of a 15 ft. Currently, experiments. include radiation damage to electrical components, beneficial modifications of plastics, synthesis of polymers, preservation of food, and sterilization of biomedical devices.
V
The Visualization FaciIity
The visualization facility was constructed as a scaled replica of the U M 2x4 Loop facility as a special effect facility. Only the components necessary to model the slug flow path are reproduced: the pump suction volume (or loop seal volume), the injection cold leg w i t h its reactor coolant pump, and the reactor vessel. Additional components include a controlled-resistance bypass flow leg and a return flow path for the liquid leaving the reactor vessel. The entire reactor vessel and most of the attached pipes are made of transparent piexiglass. This allows the use of flow visualization techniques, such as Particle Image Velocimetry (PN) and Laser Induced Fluorescence (LIF), to perform high-resolution measurements of the flow field and mixing phenomena. These methods offer several advantages over the traditional measurement techniques (e.g., thermocouples, conductivity probes), since they are non-intrusive and can achieve a much higher spatial and temporal resolution. 
